Objective. The aim of this study was to compare time spent waiting for cataract extraction across various hospitals and to determine if it was influenced by severity of disease or patient characteristics.
Introduction
With the increasing prevalence of age-related cataract, some health-care systems have been forced to establish waiting lists for cataract extraction. Some systems minimally manage these lists using a first-in, first-out approach. Others try to make them fairer by establishing priority for patients who most urgently need cataract surgery [1 -5] . In the Spanish National Health System (SNHS), no standardized tools are available for setting priority for cataract extraction; the final decision is based on individual ophthalmologists' opinions as well as on the time patients have spent on the waiting list. The use of prioritization scores systems has been proposed to help in management of waiting list in a fairer and objective way as other authors have hypothesized [3, 5] and will help decision-makers in the task of giving priority based on specific characteristics of the patients apart from the time spending waiting in the list.
This study was designed to compare the time spent on waiting lists for cataract extraction across various hospitals in Spain and to determine if the patients with similar priority for surgery based on predefined criteria have different waiting times across hospitals.
Methods

Data collection
Our study included patients from 12 hospitals in four regions of Spain: Catalonia (area 1), Basque Country (areas 2 and 3) and Andalusia (area 4). In each hospital, consecutive patients between the ages of 18 and 90 years attending ophthalmologic clinics for the prescription of cataract removal surgery were invited to participate in the study from October 2004 to July 2005. We excluded patients suffering from corneal dystrophy because this diagnosis was very rare in our sample, those scheduled to receive an additional ocular intervention at the time of phacoemulsification, those with a malignant pathology or other organic or psychiatric condition that rendered them unable to participate or to complete the questionnaires, those who did not understand Spanish and those who could not read or who could not respond to the questionnaires because of visual or other impairment.
A total of 5214 patients were recruited for the study. Of these, we excluded 344 (6.6%) who did not meet the eligibility criteria, 137 (2.6%) who had a second intervention performed during the follow-up period and 45 (0.9%) who suffered from corneal dystrophy. Of the remaining 4688 patients, 4058 (86.6%) completed the preintervention questionnaire. The participating ophthalmologists completed clinical questionnaires for 4043 (99.6%) of these patients. The overall response rate was 77.5%.
Demographic and clinical data were collected in the visit prior to cataract extraction and 6 weeks after surgery by ophthalmologists and nurses collaborating in the study. It included sex, age, address, telephone number, social support, education level, marital status and data needed to determine the priority score. We also recorded the time spent on the waiting list, which we define as the time from the patients were included in the waiting list to the intervention day. The variables and categories needed to establish the appropriateness of cataract extraction and to assign a priority score have previously been described in detail [6, 7] .
Between the baseline visit and the date of the surgery (6 weeks), patients were mailed the visual function index (VF-14), a 14-item questionnaire designed to measure the quality of life in patients suffering from cataract [8] . The VF-14 has been translated and validated in Spanish [9] . This study was approved by the ethical committee of the centres.
Appropriateness criteria development
Our group has developed explicit criteria for judging the appropriateness of cataract extraction [7, 10] . We briefly summarize the method here.
A detailed list of 765 clinical scenarios or indications for which cataract extraction by phacoemulsification might be performed was compiled. A panel of 12 expert ophthalmologists from different regions of Spain rated the appropriateness of cataract surgery for each scenario using a modified Delphi process [11] . Each panelist privately rated the appropriateness of the 765 indications, classifying them as appropriate, uncertain or inappropriate [7, 10] .
Priority criteria development
Priority in this context was defined based on the expected benefit in terms of improvement in quality of life after the intervention. The following variables were included: appropriateness, presence of ocular comorbidities, preintervention visual acuity (VA) in the cataractous eye, VA in the contralateral eye, patient-reported preintervention visual function, expected VA following the intervention, the type of cataract (laterality) and social dependency (needed for support by others for activities of daily living). Finally, 310 scenarios judged appropriate or uncertain resulting in the combination of these variables were rated to establish priority. The panelists rated again on a 9-point scale, with 9 indicating the highest priority and 1 the lowest. Three priority categorieshigh, intermediate and low-were created from the panelists' ratings [6] .
We developed a prioritization score based on ratings of panelists by means of a general linear model ranging from 0 (lowest priority) to 100 (highest priority): we estimated the mean priority rating of all indications for each panellist and the median and the deviation from the panel mean. We then created a continuous priority score, which is the sum of the ratings of the 11 panelists, standardized to a 0-100-point scale. We created a general linear model, being dependent variable the sum of the panelists' ratings and the covariables those which were rated in the priorizating algorithm. Weights of each variable were based on the beta coefficients of the general linear models [6] .
Statistical analysis
The unit of study was the patient. In cases in which one patient underwent two interventions during the follow-up period, we selected the first intervention performed.
Descriptive statistics included frequency tables, means, and standard deviations. The sociodemographic and clinical characteristics of prioritization criteria, the prioritization score, and the time spent on the waiting list were compared across the 12 hospitals and across the 4 areas. Priority was considered as continuous ( priority score) and categorical (high, intermediate, and low priority) variable. The time spent on the waiting list was considered as both continuous and categorical (less than 2 months on the waiting list, between 2 and 4 months, and more than 4 months) [12 -14] . Chi-square tests were performed for the comparison of categorical variables, and analysis of variance with Scheffe's test for multiple comparisons or the non-parametric KruskalWallis test were performed for continuous variables.
For the comparison of time spent on the waiting list across hospitals, unadjusted and adjusted multilevel analyses with mixed models were first performed. For the adjusted models, we considered patient sociodemographic and clinical variables of the prioritization criteria that significantly influenced the time spent on the waiting list in the univariate analysis by means of general linear models.
We represented graphically, by means of lowess curves, the differences among hospitals in time spent on the waiting list with different adjustments: (a) preintervention VA, (b) preintervention VF-14 score and (c) priority score. The lowess curve, also called locally weighted scatter plot smoothing function, fits a local regression model. This statistical technique is a modelling method used to plot a smooth curve through a set of data points, giving more weight to points near the point whose response is being estimated and less weight to points further away [15] . Spearman correlation coefficients are provided. Multilevel analyses with mixed models were also used to test differences among hospitals in time spent on the waiting list across hospitals after adjusting by preintervention VA, preintervention VF-14 score or priority score.
All effects were considered statistically significant at P , 0.05. All statistical analyses were performed using SAS for Windows statistical software, version 8.0 (SAS Institute Inc, Cary, NC) and S-Plus 2000 (MathSoft Inc., 1999).
Results
Patients in area 4 had shorter waiting times for cataract extraction than those in the other areas (Table 1 ). In fact, almost half (46.2%) of patients in this area underwent cataract extraction in less than 2 months (P , 0.0001). However, there was a higher percentage of patients in this area classified as high priority (59.8%) (P , 0.0001). Patients who underwent cataract extraction in area 4 presented with statistically significant differences in sociodemographic and clinical variables compared with the other areas. There was a higher percentage of men (P ¼ 0.0115), lower level of education (P , 0.0001) and lower mean age (P , 0.0001). The area 4 patients also had a lower percentage of simple cataract (P , 0.0001), lower preintervention VA (P , 0.0001), contralateral VA was more frequently lower than 0.1 (P , 0.0001), a higher percentage of high-technical -complexity interventions (P , 0.0001) and greater difficulties in activities of daily living (P , 0.0001) ( Table 2) . Figure 1 presents time spent on the waiting list across hospitals adjusted by preintervention VA (a), preintervention VF-14 score (b) and priority score (c). None of these variables had any influence on time spent on the waiting list. Patients who underwent cataract extraction in H1, H2 and H10 had longer waiting times than the mean after adjusting by preintervention VA, preintervention VF-14 score or priority score, while those in H6, H8, H9 and H11 had shorter waiting times than the mean. There was no correlation between waiting time and VA-preintervention (Spearman correlation coefficient ¼ 0.06, P value ¼ 0.0002)) nor prioritization score (Spearman All variables are expressed in percentages except for age (median and range), VA means and VF-14 score preintervention (mean and standard deviation). P value corresponds to chi-square test except for age and VF-14 score preintervention, which were compared by means of non-parametric Kruskal -Wallis test. Table 3 , after adjusting by pathology, age, social dependency, laterality and appropriateness of the interventions, mean time spent on the waiting list was greater than the mean for centres H1, H2, H5 and H10 and lower than the mean for centres H6, H8, H9 and H11. Generally longer waits for cataract extraction were experienced by patients with retinopathy or other associated pathology, bilateral cataract, who were older, who were socially dependent or who belonged to a centre in which inappropriate interventions were more commonly performed.
In this study, we applied retrospectively the priority criteria in our sample of patients. In this way, patients were classified in one of the three groups of priority: high, intermediate or low priority. Application of the priority tool to the patient sample (Table 4 ) demonstrated that people of each priority group intervened in the corresponding period (high in less than 2 months, intermediate from 2 to 4 months and low in more than 4 months) was in most cases lower than 50%. We observed statistically significant differences across the centres in the percentages of each priority group undergoing intervention in each time period (P , 0.0001). Nevertheless this fact was not related to the waiting time in each hospital (Fig. 1) .
Discussion
In this study of a large cohort of patients requiring cataract extraction by phacoemulsification, we observed substantial variation in the time spent on waiting lists across 12 hospitals in 4 areas of Spain that all belong to the same National Health Service, even after adjusting for various relevant variables. Our results are in accordance with findings encountered by Roman et al. [16] in a study of cataract extraction conducted in Spain, who performed a discrete event simulation model in order to check the impact of applying a prioritization score in reducing time in waiting list. When we Beta coefficient indicates if the mean of waiting list is above or below the global mean (3.11 months).
c P value obtained from the multilevel analyses performed with mixed models. Data are given as percentages.
a P value obtained from the chi-square test. We hypothesized that as the prioritization category is higher, the intervention must be performed in shorter period of time: 'high priority', less than 2 months; 'intermediate priority', 2-4 months; 'low priority', more than 4 months. Bold numbers indicates the interventions performed in the correct time regarding their priority. applied our priority score retrospectively in a sample of patients waiting in the list, following the current system, the result was that people with lower priority scores are receiving operations before those with higher priority scores. This fact is supported by the findings encountered by Roman et al., so the waiting time was reduced in the cases of greater need and also variations among regions were reduced when their priority system application (which includes clinical, functional and social variables as ours) was simulated.
Another study has evaluated the factors influencing the waiting time in cataract surgery in European countries [17] and it concludes that health expenditures are more influential than other country-specific health indicators. We have examined which variables are explaining the waiting time in Spain in order to know more about the characteristics and situations of these patients, and we have encountered that even after adjusting by clinical, functional and social characteristics, differences in waiting list persisted in some centres. We have not found any definitive variable to explain these differences in these specific centres.
When a resource is scarce, a rational approach is to allocate it to individuals who need it the most. Ideally, patients with high-priority scores for cataract extraction would be expected to undergo the procedure sooner than patients with low scores. In our study, however, patients with lower priority scores often received the procedure before patients with higher scores. In addition to being unfair, this poses a medical problem, since delays in cataract extraction among high-priority patients have been associated with adverse events during the waiting period such as increased vision loss, reduced quality of life and an increased rate of falls [12] . A health system that gives priority for cataract extraction to patients who need it the most could reduce the probability of adverse events. This would be especially true in an ageing population.
In our study, up to 60% of the patients in some centres who underwent cataract extraction after more than 4 months on the waiting list were considered by our priority criteria as high-priority patients, whereas many low-priority patients received the intervention in less than 4 months. A priority scoring system could help make scheduling decisions in an objective way [18] , rather than following a first-in, first-out system that does not take into consideration the severity of the problem [16, 19, 20] .
Except for H11, which presented higher mean in priority score, and also the lower mean in waiting time, in the remaining of the centres, in spite of similar priority in exist scores, there were different waiting times. We think that prioritization is not based on any objective reason in the current waiting list management system (individual criteria of ophthalmologist and time in waiting list) and people who could be in worse health status and benefit more from surgery are not being intervened first [18] .
The generalizability of our results is limited to the participating hospitals, and does not necessarily extend to other areas of our country, the country as a whole or other healthcare systems. However, the large sample size allows us to ensure that the results are valid for the study population. Only the 14% of those recruited did not respond to the preoperative questionnaire.
In summary, we found substantial differences in the time spent on waiting lists for cataract extraction across 12 hospitals in the Spanish Public Health System in spite of similarities in priority scores across the patient populations. Waiting times were not correlated with preintervention VA, preintervention visual function or priority score, which should identify patients in worse health status prior to intervention and thus with a greater likelihood of benefiting from it [18, 21] . This suggests that physicians and waiting-list managers are failing to identify patients in greatest need of cataract extraction. The use of standardized tools to assign priority for cataract extraction could provide a fairer, more rational way to manage waiting lists for this procedure as well as reduce variability in waiting times among centres for patients with similar clinical and social characteristics. The application of the priority score system prospectively would allow us to measure the benefits in terms of consequences for the patients and in terms of reducing variability in waiting times among regions. 
